Spline-shaped ultra-wideband antenna operating in the ECC released frequency spectrum F. Viani, L. Lizzi, R. Azaro, and A. Massa A spline-shaped antenna for Ultra-Wideband (UWB) communications that operates in the Electronic Communications Committee (ECC) released band from GHz 6 up to GHz 8. 5 is described. Selected simulated and measured data are reported to assess the achieved impedance matching over the whole band of interest, and the distortionless behavior as well as to show the omnidirectional radiation properties. [5] , circular disc [6] or rectangular slot [7] ).
In this letter, a spline-shaped antenna is proposed in order to fit the last ECC UWB standard (July 2007) in the frequency range GHz 8. 5 -6 . Likewise [8] ,
where a generic UWB radiator has been optimized to preliminary assess the proposed approach, the antenna prototype is synthesized by further exploiting a spline-based procedure, but taking into account different and more realistic constraints. Unlike other parametric synthesis methods, the antenna geometry comes from the modification of a spline contour that describes the perimeter of the radiator. The result is a simple and easy-to-build configuration that satisfies both dimensional and electric requirements. To assess the fitting with project constraints, both simulated and measured performance indexes are presented and compared.
Spline-shaped antenna design: According to the ECC guidelines for UWB devices, the spline-shaped antenna has been designed in order to efficiently operate within the frequency spectrum GHz 8. 5 -6 . Towards this end, In order to guarantee a distortionless transmission of time-domain UWB pulses, the following constraints have been imposed over the whole operating bandwidth: [9] , able to estimate the electric parameters of the antenna, and a particle swarm optimizer (PSO) [10] used to define an evolution strategy for the trial antenna shapes.
Numerical and experimental results:
A prototype of the antenna has been built to experimentally assess the reliability and efficiency of the synthesized shape (Fig. 1) . The prototype has been printed on a Arlon dielectric substrate and measured data is summarized in Fig. 2 . As it can be noticed, the electric behavior of the synthesized antenna fits the project guidelines. More in detail, a good impedance matching over the whole ECC released frequency bandwidth ( GHz 8. 5 -6 ) has been achieved (Fig. 2a) . Moreover, as far as the 21 s parameter is concerned, the flatness of 21 s (Fig. 2b) and the linear trend of 21 s ∠ (Fig. 2c ) assure a distortionless behavior of the system when UWB pulses are in transmitted and received. For completeness, Figure 2d shows the plot of the group delay τ computed as the ω -derivative of the phase of 
Conclusions:
The design of a spline-shaped planar antenna for UWB applications and operating in the ECC released GHz 8.5 -6 frequency spectrum has been proposed. Simulated and measured electrical parameters over the whole band of interest as well as the radiation patterns confirm the effectiveness of the synthesized antenna prototype.
